Abstract: Background -there is growing interest in the role of microbial agents in the causation of psychiatric disorders. the neurotropic protozoan parasite Toxoplasma gondii is one of the main candidates and has been associated with various psychiatric conditions, including schizophrenia. Methods -a narrative review of the literature from the main medical databases (Medline, PubMed, PsyciNFo), google scholar and google using combinations of applicable terms. results -T. gondii affects the brain in both the acute and the latent stages of infection causing apparent brain pathologies in infected rodents and both immuno-compromised and immuno-competent humans. in immuno-competent individuals, behavioural disorders are primarily related to the latent stages of the illness. Behavioural/mental disorders that include schizophrenia, mood disorders, personality changes and cognitive impairments may be related to infection with T. gondii. Evidence for a behavioural effect of T. gondii comes from observational reports in animal models and controlled behavioural analysis in humans. indirect clues of infection also come from raised seroprevalence or serotitres of antitoxoplasma antibodies among those with mental disorders. the pathophysiologic mechanism through which T. gondii may exert its effect is not clear, but direct impact on the brain and changes in neuroimmunomodulation, neurotransmission and some gene-environment interactions are postulated. conclusion -there is evidence supporting a potential role of T. gondii infection in the onset of some behavioural disorders. Confirmation of such a role would prove a significant breakthrough in the search for the aetiology, treatment and prevention of behavioural disorders, such as schizophrenia. However, the associations remain preliminary.
Mental and behavioural disorders have major public health impact. they occur commonly, affecting 10-16% of the population in any given year (Demyttenaere et al. 2004 , Wang et al. 2007 ). Mental and behavioural disorders are also associated with high level of individual distress, disability and premature mortality. the cost in terms of lost productivity and use of health services is substantial and these disorders contribute to 12% of the global disease burden (World Health organisation 2001), which is greater than the burden caused by cardiovascular conditions or malignant neoplasms (World Health organisation 2001, Kohn et al. 2004) . the treatment for mental and behavioural disorders is mostly symptomatic because their aetiology is still obscure. the current consensus is behavioural disorders are multifactorial in causation and relate to genetic predisposition and environmental mediation. there is increasing interest in the hypothesis that infectious agents, such as Toxoplasma gondii, herpes simplex virus, cytomegalovirus and influenza virus, may play an aetiological role in some mental and behavioural disorders. the most extensive work has gone into investigating the association between schizophrenia and T. gondii with a special issue dedicated recently to this subject in the schizophrenia Bulletin (schizophrenia Bulletin Vol. 33, no. 3, 2007) .
Toxoplasma gondii is a neurotropic protozoan parasite that was characterised at the turn of the 20 th century and later associated with a series of congenital sensory and neurological conditions (Wolf et al. 1939 (Wolf et al. , torrey et al. 2007 . Toxoplasma gondii infection is widespread and is reported to affect up to a third of the world's population (Montoya and Liesenfeld 2004) . Although the definitive hosts are felines such as cats, T. gondii affects almost all warm-blooded animals including humans. in humans, infection is mainly acquired by ingestion of contaminated food or water or through eating undercooked or raw meat that contains tissue cysts (Montoya and liesenfeld 2004) . overt and serious disease from toxoplasmosis occurs in immuno-compromised hosts. in some patients cervical lymphadenopathy and ocular disease may occur, but in most immuno-competent individuals infection is subclinical (Montoya and liesenfeld 2004) .
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1,2 , Teshome Shibre 1 and Anthony J. Cleare its neurotropic nature and other characteristics make T. gondii an attractive candidate as a potential causative agent for mental and behavioural disorders. Toxoplasma gondii uses a complex mechanism to gain access to the brain. once access has been gained, it invades various brain cells, including astrocytes and neurons, where it forms cysts (carruthers and suzuki 2007). Toxoplasma gondii can then establish a continuous infection within the central nervous system (cNs), manipulate intermediate host behaviour, and can cause neurological and psychiatric symptoms in some infected individuals (Holliman 1997 , Webster et al. 2006 . Various immunological reactions and reactivation mechanisms operate, which are also linked with the onset of behavioural disorders in humans. Based on a narrative review, this article attempts to provide an overview of the evidence that indicates the potential aetiological importance of T. gondii in behavioural disorders and the mechanisms through which any effect of T. gondii might be mediated.
Method
this is a narrative review of studies that reported on the association of T. gondii with mental and behavioural disorders or personality changes in humans. reports on animal models were not systematically reviewed but were referred to when relevant to demonstrating the effect of T. gondii on human behaviour. the main data sources for the review were Medline, PsyciNFo, PubMed, Google Scholar and Google. References of identified articles were also used. We used the following key terms to identify the studies: toxoplasmosis; Toxoplasma gondii; mood disorder; affective disorder; bipolar disorder; depression; psychotic disorder; schizophrenia; personality disorder; obsessive compulsive disorder; anxiety disorder; phobic disorder; and mental and behavioural disorder. relevant articles (including reviews, original reports, case reports) from 1950 to the present (Jan 2010) were included. the approach to gathering the literature was systematic. However, as there has been a recent systematic review on the association of schizophrenia with T. gondii, it was felt that an attempt to do a systematic review here would only duplicate the work with limited additional benefit. Additionally, reports exploring the aetiological relevance of T. gondii more directly and more hypothesis driven explorations do not yield themselves to a meta-analysis although are included in the review. However, a limited data synthesis was made when appropriate. For example, in reviews where total numbers of cases were not computed, this was done. odds ratios were calculated to show the magnitude of the association in individual case-control studies or for some reviews.
Results
For the data-based reports, 104 studies were initially identified for inclusion. Of these, 24 studies were of adequate methodological quality for inclusion (table 1) . three of these studies were reviews , torrey et al. 2007 , Zhu et al. 2007a ); two were case reports (Brynska et al. 2001, Kara and Misra 2004 ) and most of the remaining studies were original case-control studies focusing on the seroprevalence of T. gondii among patients with various psychiatric disorder. in the current review, original studies included in the review by torrey et al. (2007) were included as part of that review. the focus here was on studies published since the torrey et al. review (2007) . We also included studies dealing with disorders other than schizophrenia. Four unpublished reports and other hypothetical studies exploring the aetiological relevance of T. gondii were also included.
the review found that toxoplasmosis was associated with several mental and behavioural disorders as well as personality changes. Most of the identified reports focused on schizophrenia, but other disorders considered included bipolar disorder, depressive disorder and obsessive compulsive disorder. toxoplasmosis was also linked with subtle behavioural and personality changes and with some risk behaviour, for example, suicidality and involvement in road traffic accidents. 
Schizophrenia
schizophrenia is one of the most severe psychiatric syndromes. it has a pervasive impact on the affected person's day-to-day life and functioning. With onset often in young adulthood, schizophrenia is characterised by impairment in multiple domains of mental functioning, specifically thought processing, perception, cognition, mood and psychomotor behaviour. these multiple impairments mean that it is also more difficult to model the disorder in animals. its aetiology, as in most psychiatric disorders, is undetermined but is believed to be a result of the interaction of developmentally predisposing factors (both genetic, neurodevelopmental and environmental) with mediating environmental factors. such mediating environmental factors are postulated to include infectious agents such as T. gondii. Epidemiological association studies and limited clinical data support the involvement of T. gondii.
Epidemiological data relates to the finding of a high seroprevalence of T. gondii in patients with schizophrenia compared with healthy controls. The main findings are summarised in table 1. the seroprevalence for immunoglobulin g (igg) antibodies of T. gondii were as high as 97% in some settings. With few exceptions, the seroprevalence was significantly higher among cases with schizophrenia compared to controls. a recent metaanalytic review confirmed this association (Torrey et al. 2007 ). this report was based on 23 studies that included defined control groups. The studies were identified through a broad search of literature written in English and other languages. a total of 3,873 patients and 7,046 controls were involved. The report confirmed the increased prevalence of T. gondii antibodies among patients with schizophrenia compared to healthy controls. the association summarised in terms of an odds ratio (or) (2.73) was modest but clearly higher than that found for genetic or other environmental risk factors (torrey et al. 2007) , and even cannabis (Zamit et al. 2002) . the elevated risk was identified in both first episode patients (OR 2.54) and patients with a variable duration of follow-up (or=2.79). the main limitation of the study was that most of the studies involved more severely ill patients recruited through hospital-based samples. community-based and treatment-naïve patients were not included. the actual implication of omission of the milder forms of the disorder is unclear, although among community-based participants from Ethiopia the seroprevalence for T. gondii was even higher (n=80/91) (shibre et al. 2009 ). a recent study in this community setting based on sera from 216 individuals with schizophrenia and 80 unaffected controls reported a 97.7% seroprevalence among patients with schizophrenia (tedla et al. 2010, unpublished) . the adjusted odds of having positive igg was 4.7 (95% ci=1.5, 15.1). although this is a high rate of seroprevalence, the rate was also high among the unaffected individuals (87.3%). However, it is not clear if these controls had other psychiatric conditions other than schizophrenia.
Numerous studies have been conducted in various regions of china in patients with psychosis. a study comparing patients with first episode schizophrenia (n=600), affective disorders (n=600) and cases with physical ailment and healthy controls (n=400) reported significantly elevated seroprevalence among patients with schizophrenia (Wang et al. 2006) . the study found higher seroprevalence among first episode patients against all three comparison groups. a review of studies conducted in various regions of china (Zhu et al. 2007a , b, Zhu 2009 ) to determine the association of psychosis with toxoplasmosis reported a 3-5 times increase in the prevalence of T. gondii infection among psychiatric inpatients compared with healthy controls. in the latest report (Zhu 2009 ) nine studies were reviewed, and in the first report (Zhu et al. 2007a ) 15 studies were reviewed.
Development of schizophrenia was also demonstrated among those with early-life infection with T. gondii. in this regard both in utero exposure and early postnatal exposure were found to be associated with an increased risk of schizophrenia (Brown et al. 2005 , Mortensen et al. 2007a . in another study, serological evidence of T. gondii was also associated with increased risk of dying of natural causes during a five year follow-up (Dickerson et al. 2007) . there may be other potential explanations for the increased mortality; however, no socio-demographic or clinical features predicted seropositivity. some case reports have indicated that T. gondii encephalitis may manifest with symptoms akin to those of schizophrenia or other psychotic disorders . studies in patients with aiDs and toxoplasmic encephalitis have reported a high proportion of cases with behavioural manifestations that included delusions, thought disorder and auditory hallucinations (israelski and remington 1988, torrey and Yolken 2003) .
Because most studies report on seroprevalence of toxoplasmosis among patients who have already developed schizophrenia, the direction of causality remains one of the main areas of uncertainty. a recent study tried to provide some answer to this question by measuring sera of individuals collected before a diagnosis of schizophrenia was made (Niebuhr et al. 2008) . in this case-control study using 180 patients and controls (3:1 ratio), the authors reported a significantly elevated risk of IgG seroprevalence to T. gondii among individuals diagnosed with schizophrenia (hazard ratio of 1.24). as schizophrenia is an insidious illness, the question of whether the blood samples were collected before the onset of the illness is difficult to answer, but this is an interesting exploration that should be followed by other larger-scale studies.
the conclusion that is to be drawn from all the studies described so far is that some cases of schizophrenia may be caused by infection with T. gondii and that such infection may also have an impact on the longer-term outcome of the disorder. Further implications of these findings are detailed in the discussion section.
Affective disorders
Evidence for a role of T. gondii infection in the causation of mood disorders is less extensive but indicative. indirect evidence comes from intervention studies. Haloperidol, which is an effective medication during the acute phase of a manic illness, has been found to be a potent inhibitor of the growth of T. gondii in cell culture (Jones-Brando et al. 2003) . Valproic acid, an anticonvulsant drug used as one of the first-line mood stabiliser drugs, is also found to be an effective inhibitor of T. gondii growth at relatively low concentrations (Jones-Brando et al. 2003) . in a rodent model, antipsychotic drugs have also been proven to be effective in preventing the behavioural alterations, specifically the loss of the innate aversion to cats (Webster et al. 2006) . observations in some animals (pigs, meerkats and the red-necked wallaby) with "acute and peracute" toxoplasmosis have demonstrated depressive and neurological symptoms (adkesson et al. 2007 , Basso et al. 2009 , Kim et al. 2009 ). the incidence of T. gondii infection based on serological evidence has also been reported to be higher in patients with "manic depressive illness"; a collective name for both depressive and bipolar disorder (Delgado and rodriguez 1980) . in a community-based study from Ethiopia involving 199 patients with bipolar disorder and 80 controls (tedla et al. 2010, unpublished) , patients with bipolar disorder were found to have increased seroprevalence (adjusted or; 95% ci=3.0; 1.1, 8.6).
other case reports are also consistent with the above observations. in a series of case reports of patients presenting with acute toxoplasmic encephalitis, one patient was reported to have nihilistic delusions consistent with psychotic depression (torrey and Yolken 2003). a case presenting with symptoms consistent with depression who failed to respond to antidepressants did so after adequate treatment for the T. gondii infection (Kar and Misra 2004) . the tendency of mice to behave in a potentially self-destructive way following T. gondii infection may also be construed as depressive. a recent study conducted with this assumption in mind compared T. gondii antibody titres of those with recurrent mood disorder and suicide attempt against those with mood disorder but without history of suicide attempt. the study reported significantly higher antibody titres among those with a history of suicide attempt (arling et al. 2009 ). However, seroprevalence was not different between the groups. in this particular study, there was no difference in seroprevalence between those with depressive disorder and bipolar disorder or between those with psychiatric diagnosis and those with no such diagnosis. The latter finding may have occurred due to the low power of the study given the very small number of participants without mood disorder. a study that compared a relatively large number of patients with affective disorder (n=600) in china against patients with physical disease and healthy controls (n=400) did not find significantly elevated seroprevalence among patients with affective disorder. However, a larger proportion of patients with affective disorder (6.7%) manifested igg reactivity compared to healthy controls (3.0%) and those with physical disease (4.5%) (Wang et al. 2006 ).
Other behavioural changes and disorders
Toxoplasma gondii infection has also been associated with obsessive-compulsive disorder. a case report presented a report of children manifesting obsessivecompulsive symptoms who were later diagnosed with toxoplasmosis (Brynska 2001) . treatment of the infection improved the obsessive-compulsive symptoms. More extensive work has also gone into the determination of the impact of T. gondii infection on the behaviour of apparently healthy participants. thus the impact of toxoplasmosis on personality profiles was reviewed recently (Flegr 2007) . individuals with latent infections showed different personality profiles to those without infection, which also showed variation between men and women. in a series of comparative studies from the czech republic using cattell's 16 Personality Factor (16 PF) questionnaire and the cloninger's temperament and character inventory (tci) personality tests, subtle personality changes were demonstrated. These relatively well-powered studies identified consistent differences between those infected with T. gondii and uninfected individuals. Men had "lower superego strengths (rule consciousness) and higher vigilance"; as well as being "more expedient, suspicious and jealous". these are clearly factors that have the potential to predispose to substance abuse, anxiety, personality disorders and even psychosis. Women showed almost the opposite behaviour: with higher superego strength and factors that suggested warmth, conscientiousness and moral adherence. But both men and women were found to have more apprehension compared with uninfected controls. Both men and women also showed a decrease in the noveltyseeking factor measured using the TCI in three of the five studies. among both men (Flegr et al. 1996) and women (Flegr et al. 2000) , these differences in personality profile between Toxoplasma-infected and Toxoplasma-free subjects increased with the length of T. gondii infection, after the age of subjects was controlled. this might to some extent be relevant to the age of onset of schizophrenia (carruthers and suzuki 2007) and the predisposing role of personality to acquiring infection. changes in psychomotor behaviour have been demonstrated in animal models as well as in humans. in animal models, change in the risk perception and novelty seeking behaviour of mice has been shown in those infected with T. gondii (Webster et al. 2006 , Vyas et al. 2007 , Webster 2007 . Mice with infection become less risk averse and were attracted to the portion of the apparatus that was cat-treated, which they ordinarily avoid. such behaviour improved when mice were treated with haloperidol (Webster et al. 2006) . Novelty seeking, another characteristic behaviour of mice was also reduced when they were infected with T. gondii. in humans, cognitive testing demonstrated reduced concentration and prolongation of reaction time. Traffic accidents were also reported to be higher among those with latent T. gondii infection (Flegr et al. 2002 , Yereli et al. 2006 .
Discussion
Based on existing evidence, the studies summarised so far indicate that T. gondii infection may be on the causation pathway of various mental and behavioural disorders. the suggested involvement of T. gondii extends from subtle neurobehavioural impairments to severe manifestations of schizophrenia requiring inpatient care. the risk of schizophrenia is elevated among those with in utero exposure and those with exposure to infection during the postnatal period. the likelihood of involvement of T. gondii is also demonstrated by the higher seroprevalence of T. gondii antibodies among those with schizophrenia compared to controls. this is supported by a recent metaanalytic report (torrey et al. 2007 ), the gold standard in the hierarchy of evidence-based clinical practice.
the more subtle behavioural changes are demonstrated in both animal experiments and human observations. these observations are important in so far as they point to the potential role of infectious agents in the causation of mental disorders, which are by and large of undetermined aetiology. But, it is also important to elucidate how such an infection could be on the aetiological pathway of complex disorders, such as schizophrenia. studies with increasing sophistication have indicated the potential areas for such link.
Mechanism
Direct effect: Toxoplasma gondii is a neurotropic organism with a complex mechanism of access to the brain where it encysts in neurons, glial cells and astrocytes (Halonen et al. 1996, carruthers and suzuki 2007) . in chronically infected mice, the cysts were found in multiple areas of the neurons (axons, dendrites and cell body) and were also demonstrated in congenital toxoplasmosis (Ferguson and Hutchison 1987, sims et al. 1989) . Damage is characterised by many foci of enlarging necrosis and microglia nodules. Periaqueductal and periventricular vasculitis, hydrocephalus resulting from obstruction of the aqueduct of sylvius or foramen of Monro have been demonstrated in infants (Montoya and liesenfeld 2004) . in congenital toxoplasmosis, more intense necrosis occurs in the cortex and basal ganglia, and sometimes in the periventricular areas (Montoya and liesenfeld 2004) . Multiple brain abscesses may occur in severely immunocompromised individuals as a characteristic feature of toxoplasmic encephalitis (Montoya and liesenfeld 2004) . therefore, T. gondii has the potential to effect some important changes in human behaviour through its direct impact on brain tissue. these brain tissue changes may be a result of the direct action of the T. gondii or come about as a result of inflammatory responses. Toxoplasma gondii might also incorporate its genome into the cellular deoxyribonucleic acid with the potential of altering brain function or modifying the growing neuronal cell in utero (Fallon 2009 ). alternatively T. gondii may effect brain changes by inducing host-determined humoral and cytokine immune responses (Fallon 2009 , Henriquez et al. 2009 ). Activation of pro-inflammatory cytokines or the induction of nitric oxide in the adult brain may lead to neuronal and behavioural dysfunction, or in the developing embryo can lead to inhibited dendritic development in cortical neurons. the immune response may therefore induce a neuropsychiatric condition (Fallon 2009) . the cytokines may also influence mood and behaviour by modulating neurotransmission such as the monoamine-and glutamate-dependent systems in the brain (Dunn 2006, Muller and schwartz 2007a, b) . of additional interest in this regard is the recent discovery of two genes encoding for tyrosine hydroxylase that produces l-DoPa in T. gondii (gaskell et al. 2007 ). this enzyme metabolised both phenylalanine and tyrosine with a substrate preference for tyrosine. This finding, in combination with the ability of T. gondii to induce a cytokine response with the potential to modulate neurotransmission systems known to be important in psychotic and mood disorders, makes T. gondii a reasonable candidate for causing these disorders.
an intriguing recent report was the association of rhesus (rH) status with T. gondii infection and reaction time (Novotná et al. 2008) . Based on a series of studies involving 553 participants (68.5% men) and relatively complex analytic procedures, the study reported a significantly prolonged reaction time among Toxoplasma-infected men. among rH positive men, no such prolongation was demonstrated. However, it was only the heterozygous (Dd genotype) individuals who were protected from Toxoplasma-induced impairment of reaction time. as an important extension of this was the finding of a protective association of rhD positive status from the increased incidence of traffic accidents even among Toxoplasma-infected military drivers (Flegr et al. 2009 ). in a prospective study of 3,890 military drivers, a significant interaction of RhD status and traffic accidents was reported. In a separate analysis of RhD negative participants, the risk of traffic accident was 2.53 times higher in Toxoplasma-infected compared with non-infected participants. the probability of accidents was increased with the titre of anti-Toxoplasma antibodies suggesting decrease in risk with duration of Toxoplasma infection. the authors explain the association with rH status in evolutionary terms (Novotná et al. 2008) as well as in terms of the potential involvement of the rH proteins in "the regulation of ion balance in some critical compartment of nerve or muscle tissue" (Flegr et al. 2009 ). this may also have some link with modulation of the inflammatory process.
Hypothesis limitations
although the link between some psychiatric disorders and T. gondii infection appears plausible, there are numerous difficulties with this proposition. The most obvious problem is the apparent epidemiological inconsistency. Toxoplasma gondii is a ubiquitous parasite and affects nearly a third of the world's population, with a marked (over 8-fold) geographic variation. However, psychiatric disorders so far attributable or associated with T. gondii are not so prevalent in high seroprevalence areas and do not exhibit such marked geographic variation in prevalence. therefore, if T. gondii causes psychiatric disorders as proposed, it can only cause such disorders in a fraction of individuals it infects. Moreover, psychiatric disorders are complex conditions that result from multiple interacting factors, one of which may be an infection with T. gondii. it has also not been possible to demonstrate a link between infection with T. gondii and the timing of onset of these psychiatric conditions. this has only been demonstrated in severely immunodeficient individuals where reactivation of infection resulted in toxoplasmic encephalitis that can be identified in the brain. On the other hand T. gondii is known to induce similar changes in the brain, particularly in congenital toxoplasmosis, to those found in some mental disorders, for example schizophrenia. it is also suggested that early infection can cause lasting changes in neurodevelopment consistent with the neurodevelopmental theory of some disorders such as schizophrenia.
It has also been difficult to demonstrate T. gondii in the brain of patients with mental disorders, particularly those investigated in relation to schizophrenia. But this demonstration is not always necessary. infectious agents may have provided "an aberrant influence at a critical developmental period that exerts long-lasting effects" (Fallon 2009 ). causation of psychiatric disorders is determined by a complex interaction between host response genes, T. gondii and the timing in neurodevelopment (Fallon 2009 ).
Finally, supportive evidence from treatment trials using known medications against toxoplasmosis has not been forthcoming. a six-month double blind randomisedcontrolled trial in Ethiopia using trimethoprim 200 mg/d added onto standard antipsychotic medication regimes and administered to 91 community patients with chronic schizophrenia did not find any benefit from the add-on trimethoprim (shibre et al. 2009 ). a second trial was also conducted in Ethiopia. in this open study, inpatients with schizophrenia were given add-on trimethoprim-sulfamethoxazole (160 mg/800 mg). although patients in the intervention arm showed some improvement at week 8, there was no difference at week 16 (Desta et al. unpublished) . a study from the Usa used adjunctive azithromycin (Dickerson 2009) . in this study, azithromycin was administered to 28 adults with chronic schizophrenia (mean duration of illness of 22.3 years) and a significant level of symptomatology having a total score of 71.6 (± 11.4) according to the Positive and Negative syndrome scale (PaNss) (Kay et al. 1987) . Patients receiving the trial medication did not show any differential benefit. However, the interpretation of these several negative findings is not easy. First, all of the studies were underpowered to detect any meaningful effect of intervention. second, participants in all the studies included were chronically and severely ill and so any additional modest effect is much less likely to have been detected. third, as discussed above, the effect of T. gondii is likely to be early in life at the neurodevelopmental stage rather than at the age of actual illness onset. these early changes are likely to be irreversible. therefore, given the likely timing of exposure and the complex interaction of T. gondii infection with the human host, intervention studies may not be the ideal method to prove the link between behavioural disorders and T. gondii infection. on the other hand, although with ethical and practical challenges, prophylactic intervention early in childhood among a high risk subgroup may be considered. such high risk groups may be those with a family history of a severe mental disorder such as schizophrenia or birth trauma. intervention nearer the time of onset of illness or during prodrome may also be feasible but additional markers may be required.
Conclusions
the proposition that in some cases T. gondii infection can cause mental and behavioural disorders seems plausible. this is supported by evidence from animal models that show association between infection with T. gondii and distinct behavioural changes that improve with medications used to treat some mental disorders. in humans, infection with T. gondii is associated with various mental and behavioural disorders ranging from subtle personality changes to severe disorders like schizophrenia. these findings are also supported by plausible propositions of mechanisms that may lead to these mental and behavioural changes. But further confirmation of these findings is required. For example, the clinical relevance of the discovery of genes encoding for tyrosine hydroxylase in T. gondii has to be confirmed. If T. gondii is shown to be a cause of mental disorders even in some cases, it will constitute a major breakthrough in understanding the aetiology and pathophysiological mechanisms of psychiatric disorders, as well as their treatment and prevention.
